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Given the high prevalence of automobile collisions in the United States, the need for 
collision prevention research is evident.   To understand the complete cause of these 
incidents, it is critical to examine the driver’s perception of these situations.  This study 
involved simulations of multiple driving situations variant on luminance, rate of closure, 
and vehicle motions.  Findings suggest changes in brake onset times of younger drivers 
based on roles of a lead vehicle.  Multiple perceptually different rear end collisions 
caused participants to alter their brake onset times.  The brake onset times were used to 
analyze braking models, including constant distance and constant tau.  Additional 
analysis included correlations of the effects Useful Field of View and Test Anxiety on 
brake onset times.  Effects identified not only aid in the general understanding of driving 
behavior, but also facilitate the application of driver assistive systems, which are 











 Over 43% of the 4.3 million multiple car accidents in 2003 can be attributed to 
rear end collisions (Traffic Safety Facts, 2003).  Traffic accidents in the year 2003 
resulted in over 1.3 million injuries and fatalities.  Since rear end collisions are the most 
common types of vehicle accidents, attempts should be made to not only curtail such 
events but also to understand processes that may be involved.  If identified, these 
processes may lead to better vehicle designs, driver training, and assistive technologies.  
The difficulty in completely understanding traffic accidents is not the physics involved 
nor the lack of physical data, instead it is the lack of complete knowledge of the human 
components involved.  The driver is arguably the most complex component in the 
analysis of driving related crashes.  Perception, cognition, and movement control can all 
affect a driver’s effectiveness.  Research on cognitive loads, decision making, and effects 
during driving have been studied extensively (e.g. Engtrom, Johansson, and Ostlund, 
2005; Lee, 1996; Walker, Fain, Fisk, and McGuire, 1997).  The effects of motor control, 
such as stimulus reaction time and the effects of substances such as alcohol, have also 
been exhaustively studied over the years (e.g. Kelly, Darke, and Ross, 2004).  However, 
the combination of this knowledge does not necessarily encompass all the driving related  
components.   
Perceptual research involving driving was conducted as early as 1928 (Forster, 
1928), but because of the large number of variables that may influence driving, we lack a 
complete understanding of the perceptual effects that may influence driving.  The driving 
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environment is highly variant in factors such as weather, road layout, and time of day.  
Changes in weather can alter both visibility and road conditions, such as seen in icy or 
foggy environments.  Road layout may allow the driver to see miles down a straight road 
or remove predictability on a curved mountain path.  Time of day can deny the driver 
information because of low light conditions or high glare.  The driver’s attention may 
also limit the amount of data received, especially in conditions when the driver is not 
monitoring the road, perhaps focusing instead on changing the radio station or using a 
cell phone.  
The informational field of the driver can include other vehicles.  Attributes such 
as vehicle size, lights, and speed must have been perceived accurately to enable the driver 
to obtain the maximal amount of information essential to driving decisions.  In terms of 
accidents involving two vehicles, one of the most important attributes is the rate of 
closure or relative speed of the vehicles in question.  The drivers must know at what 
speed they are approaching the vehicle ahead to avoid a rear end collision.  A calculation 
must then be made involving this perceived closure speed and the distance to the vehicle.  
This calculation conveys to the driver the amount of time remaining until both vehicles 
collide.  Based on this time, the driver must make a determination as to whether or not 
the situation requires slowing the vehicle.  The decision could result in the rate of closure 
decreasing or reversing; hopefully reducing the risk of a collision. 
Changes in Perception 
Luminance Effects 
The shift from driving in daylight to night conditions has a very powerful effect 
on the driver’s perception.  Low light causes change in both perceived and actual 
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environments.  These changes include the introduction of head and tail lights as well as 
less distance visibility.  Castro, Martinez, Tornay, Fernandez, and Martos (2005) 
examined the effect of vehicle headlights on night driving.  More accurate distances were 
reported with wider separation in the headlights as opposed to headlights that are closer 
together.  Castro, et al. (2005) attributed the perceptual difference to the use of depth-to-
relative size cues.  Studies completed on brake lights produce a similar effect with larger 
separations between vehicle brake lights having a more pronounced effect on the 
perceptual system than those of smaller distances (Janssen, Michon, and Harvey, 1976). 
The luminance of the head or tail-lights does not appear to have any effect on 
distance estimation (Castro, et al. 2005).  Brighter head or tail-lights seem to provide no 
additional information to the driver regarding distance or speed estimations.  Therefore, 
the determination may be made that the majority of information on the speed of a lead 
vehicle must be calculated via the brake lights of the lead vehicle.  Any additional 
perceptual changes during night driving probably are caused by an error in the judgment 
of the speed of the lead vehicle using the brake lights or to the perceptual effect of 
driving at night as opposed to a more comfortable and information rich situation of 
daytime driving. 
Simulation vs. Real Driving Scenarios 
A large concern for any study involving simulations of real situations is how well 
the simulated event represents the real event.  Simulation is often the preferred method 
when looking at some situations involving vehicles, especially for those involving 
collisions.  The risk of human life is too great for the facilitation of reenacting these 
dangerous events.  Simulation allows us to offset these risks, but questions arise about the 
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external validity of results when using an artificial environment.  Even though this 
possibility exists, driving simulators can lead to a greater understanding of human effects 
on driving, especially when dealing with speeds faster than natural locomotion (Kemeny 
and Panerai, 2003).  Speed estimations appear to be only moderately affected when 
created from simulations versus real motion.  The correlation of speed estimations 
increasing in both real and simulated environments as speed increases has been 
previously shown (Castro, et al., 2005).  McGehee, Mazzae, and Bladwin (2000) 
determined a direct relation regarding the brake reaction times between simulated and 
real events.  This brake reaction time differential was 0.3 seconds faster for simulations, 
but should not affect any correlated effects found when using a simulator as opposed to 
trying to control real situations because of the consistency of such an effect. 
The inclusion of peripheral vision cues is of some concern, especially in low 
fidelity simulators where little or no peripheral information is presented.  Hoffman and 
Mortimer (1996) proposed that in situations where both the driver’s vehicle and the lead 
vehicle are in motion, information gathered involving the relative motion of the two is 
not affected by the lack of peripheral information.  However, the removal of peripheral 
information does hinder the driver from making accurate estimations of the absolute 
speed of their own vehicle (Hoffman and Mortimer, 1996). 
Speed Perception 
Self Motion 
In order for the human body to determine what objects in its field of vision are 
moving, the person must determine if any self motion is occurring.  The human 
perceptual system must integrate data from the visual, vestibular, and proprioception 
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systems (Kemeny and Panerai, 2003).  Although all of these systems are important for the 
analysis of self motion, the visual system provides the most information about the 
environment (Kemeny and Panerai, 2003).  The exact function that the human uses to 
accomplish this task is under debate.  Optic flow and active gaze strategies have both 
been shown to supply data toward self motion assessments (Kemeny and Panerai, 2003; 
Lappe, Bremmer, and Van Den Berg, 1999).  The larger question is how faster speeds, 
such as those seen while driving, might affect the perception of self motion.  The 
perception of one’s speed while moving is generally underestimated by the visual system 
(Durgin, Gigone, and Scott, 2005; Recarte and Nunes, 1996).  Estimations do seem to 
improve as speed increases (Recarte and Nunes, 1996). 
Perception of Lead Vehicle Movement 
One of the major perceptual considerations involved in collisions is the perception 
of direction of an object’s motion in depth and the time to collision/contact/catch, also 
known as tau or TTC (Regan and Gray, 2000).  TTC is the metric by which the 
perceptual system calculates the time, distance, and placement of any form of contact.  
The time to contact could be between a lead vehicle and a driver or between a pitched 
baseball and a batter’s swing of a bat. 
The determination of how this calculation is made is under some debate.  The two 
major processes that could be involved in this calculation involve the use of monocular 
and binocular cues.  Regan and Gray (2000) concluded that although TTC estimates were 
more accurate when binocular and monocular information were both available, binocular 
cues provide the greater amount of information to the system.  In Regan and Gray’s 
model, monocular cues only affect the perceived distance between objects.  Equation 1,  
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when                                                               (1)                        
D >> I 
where  
I is the interpupillary distance 
D is the current distance between moving objects 
dδ/dt is the rate of change of relative disparity 
 
Bootsma’s (1991) view on the calculation of tau differs.  Bootsma (1991) 
suggests binocular information does not aid performance when attempting to catch balls 
of various sizes.  Regan and Gray (2000) account for the discrepancy in that binocular 
involvement in TTC is more dominant for small objects for which little to no monocular 
cues are available.  The dominant aspect of binocular cues would be more relevant to 
driving considering the speeds and distances of the objects involved especially when 
highway speeds are achieved (Hancock and Manser, 1997; Regan and Gray, 2000).  
However, the determination of TTC may not be this simplistic.  Hancock and Manser 
(1997) suggest that other factors may affect the estimation of tau.  Greater accuracy was 
reported when approaching vehicles were occluded versus disappearing vehicles.  Age 
affects estimation, with younger participants producing more accurate and less biased 
estimations of tau as compared to older participants.  Sex differences have also been 
observed, but are correlated to the perceived tau and durations must be greater than three 
seconds to have any significant effects. 
The second perceptual aspect of collisions is the ability to detect and compute the 
direction of an object’s motion.  The directional component can be determined using two 
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phenomena, changes in binocular depth cues and the change in apparent size of the 
tracked object (Herstein and Walker, 1993).  Directionality of motion can be established 
by the change in disparity on the retina in a binocular setting (Regan and Gray, 2000), but 
this phenomenon creates errors by inducing the illusion that an approaching vehicle is 
perceived to be farther away than its actual distance.  An additional input is needed to 
resolve this estimation error (Herstein and Walker, 1993).  The principal of looming, or 
the increase or decrease in apparent size of a lead object, provides an additional cue.  
Apparent size does invoke its own limitations because of its nonlinear aspects at closer 
distances.  Objects tend to increase in apparent size very rapidly at closer distances, 
whereas at farther distances such a change is not as pronounced.  The change in apparent 
size also provides no assistance in determining the speed of an approaching vehicle.  Li 
and Milgram (2005) correlated optical looming manipulations to changes in the control of 
braking.  Interestingly, participants who could not accurately calculate TTC could 
determine if one could safely cross an intersection (Herstein and Walker, 1993). 
Hoffman and Mortimer (1996) infer that the change in the lead objects motion, or 
change in headway, can be determined using the perceptual changes of the spacing 
between the two vehicles and changes in the angular velocity.  This change is limited in 
that the just noticeable difference must be exceeded.  The introduction of perceptual 
spacing prompts “dead zones” in which the visual system is unable to determine if 
spacing changes exist.  This phenomenon is most evident at greater distances where a 
change in vehicle spacing may be perceptually small, but may have actually resulted in a 
larger distance traveled. 
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Brake Reaction Time 
Brake reaction times for investigating driver’s behaviors have been used 
extensively over the years (see Green, 2000).  This attempt has resulted in information 
ranging from direct reaction of stimuli to foot speed and dynamics when moving from 
accelerator to brake.  Over the years a great effort has been made to determine a 
canonical or generic acceptable brake RT.  Because of these efforts, brake reaction 
standards have been created in both the United States, 2.5 sec, and in Europe, 2.0 sec 
(Green, 2000), and investigations still continue supporting the use of such methods.  The 
difficulty in pursuing this methodology is in the variance of the driving and personal 
environment.  Canonical brake reaction times can vary by as much as a factor of four 
over different experimental methods (Green, 2000).  Averaging reaction times over many 
varieties of driver samples and conditions may not be the most beneficial approach.  A 
more developed and detailed model must be created that accounts for individual as well 
as situational variance (Summala, 2000).  Although Green (2000) attempted to create 
variable reaction times based on situations, Summala (2000) rejected this method by 
stating that Green is merely repackaging canonical reaction times.   
To understand how brake reaction time can vary dependant on the situation, it is 
crucial to understand the factors that are involved.  Green (2000) divided the factors into 
device response time, movement time, and mental processing time.  Device response time 
is an attribute of the vehicle and unaffected by any perceptual changes, but may be 
affected by physical conditions of the environment.  Movement time is related to the 
physical movement the driver produces, such as initiating the muscles of the leg to 
depress the brake.  Again, this component is not directly affected by any changes in the 
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perceptual environment.  The final component, mental processing time, can be divided 
into three types of timed processes, detection, processing, and response selection.  
Detection relates to the time required to physically sense an object.  Changes in the 
driving situation could affect this component.  Night versus day conditions could create a 
disparity in the detection of the lead vehicle.  Processing is the duration of time that is 
necessary to interpret the information from the senses.  Response selection is the choice 
of action by the driver.  This choice is not limited to braking, but may also include 
steering to avoid a potential collision.  In this study, mental processing time provides the 
most explanation of any changes in brake reaction times.  Detection may be affected by 
the ability to sense the lead vehicle.  Processing is the sub-component responsible for any 
calculations related to the absolute speeds and rates of closure, and thus may be greatly 
affected by any manipulations.   
Schweitzer, Apter, Den-David, Liebermann, and Parush (1995) examined the 
effects of vehicle speeds on minimum braking times.  Sixty and eighty kilometers per 
hour were used, but there was no effect on total braking time.  However, a problem is 
apparent in the situation Schweitzer, et al. used.  The relative speeds of the two vehicles 
remained zero until the lead vehicle braked at either 6 meters or 12 meters.  At these 
distances, the response becomes more of an emergency reaction than a perception of the 
speed difference.  Liebermann, Ben-David, Schweitzer, Apter, and Parush (1995) later 
stated that the effect of closure distances may be related to the time available for 
perception. 
The effect of gender on brake reaction times continues to be under some debate 
(Green, 2000).  Some research portrays men as having a faster response than women, as 
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supported in research relating to tau effects (see Green, 2000).  Other research, such as 
Schweitzer, et al. (1995), finds no differences in the genders.  Interestingly, no studies 
have found faster reaction times of women over men (Green, 2000). 
Useful Field of View 
 A crucial portion of braking behavior is the visual ability of the driver.  If the 
driver has difficulties focusing, processing, or attending to the lead vehicle, any 
calculations required to assist the driver in braking can become severely hindered and 
may influence the time to brake.  The UFOV® Visual Attention Analyzer has three sub 
tests, which include the measuring of the speed of visual processing, divided attention, 
and selective attention.  An individual’s range in reduction of the Useful Field of View 
can be between 0 and 90% where more than a 40% reduction classifies an individual as a 
high risk driver (Myers, Ball, Kalina, Roth, and Goode, 2000).  Empirical research has 
shown that Useful Field of View directly correlates to higher incidents of crash incidents 
of older adults (Ball, Roenker, Bruni, Owsley, Sloane, Ball, and O’Connor, 1991; Myers, 
et al., 2000; Ball and Rebok, 1994).  This relationship becomes even more salient when 
difficult scenarios arise, such as seen in driving during the rain, interstate driving, rush 
hour driving, or left hand turns (McGwin, Chapman, and Owsley, 2000).  Based on 
findings like these, the use of Useful Field of View tests have been suggested as a method 
to screen for at-risk drivers (Myers, et al., 2000). 
Effects of Personality 
Human behavior reflects more than reaction times and visual processing.  In 
driving an additional factor may be integrated into the final braking actions, this factor is 
the driver’s own personality.  Scales, such as the Zuckerman-Kulman Sensation Seeking 
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Scale, attempt to quantify the risk taking behavior of an individual (Zuckerman and 
Kuhlman, 2000).  High sensation seekers view risk with a decreased assessment over 
those with lower sensation seeking values (Zuckerman and Kuhlman, 2000) and tend to 
identify their environment as less threatening when compared to low sensation seekers 
(Rosenbloom, 2003).  Correlates have included gambling, sexual activity, and financial 
risks (Jonah, 1997).  Sensation seeking behavior, ranked by this scale, has also been 
applied successfully to risky driving across drivers in multiple countries (Jonah, 1997).  
High sensation seeking drivers become comfortable violating road laws without previous 
unwanted costs (Rosenbloom, 2003), while gaining a higher proficiency in driving skill 
(Jonah, 1997).  The increase in proficiency can be explained by greater efficiency in 
processing of road information and driving stress (Rosenbloom, 2003).  Although 
connections have been accomplished, Whissell and Bigelow (2003) stated that, “Driving 
literature currently lacks contextual clarity in the identification of connections between 
negative driving attitudes and unsafe driving” (pg. 812).    Direct applications involving 
scores on the sensation seeking scale and specific driving circumstances could create a 
better understanding of the contextual affect of risk seeking in driving.  Heino, van der 
Molen, and Wilde (1992) studied the distances sensation seekers choose in car following 
situations.  They found that those with higher sensation seeking attitudes preferred 
shorter distances than those participants who scored lower on the sensation seeking scale.  
Expressions of these behaviors should be evident in the data gathered throughout this 
experiment.  Those participants with higher sensation seeking scores should prefer 
smaller brake initiated distances as demonstrated in experiments by Heino, et al (1992).   
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 Another technique entails the use of an inverse approach.  Fairclough, Tattersall, 
and Houston (2006) successfully examined the use of measures of anxiety towards 
driving tests finding increased anxiety in participants of driving tests over the same 
participants in known mock tests.   “A person who perceives a situation as dangerous or 
threatening will experience an increase in anxiety” (Spielberger, Gonzalez, Taylor, 
Algaze, and Anton, 1978, pg. 171).  Such anxiety could alter one’s behavior.  The study 
examined the use of the Sarason’s (1978) 23 item Test Anxiety Scale as a method of 
examining how one’s anxiety of fear of failure may affect braking behavior.  The Test 
Anxiety Scale has been viewed as a standard for ascertaining Fear of Failure (James, 
1998).  High Fear of Failure individuals reason decisions that create self protective 
behaviors (James, 1998).  Such self protective behaviors could include braking effects, 
and therefore, necessitating the need to assess Fear of Failure in this study.  
Applications for Knowledge 
Many major car manufacturers are currently, or planning on, installing driver 
assist systems.  Such systems include adaptive cruise control systems and automatic 
braking systems.  Combinations of technologies exist to aid manufacturers in their 
design.  The technologies include radar, infrared, laser, and optic systems.  All of these 
technologies allow the sensor suite to accurately measure the distance between the 
driver’s vehicle and the lead vehicle.  Once onboard computer systems analyze all the 
available data, two different modes are available to the automated system.  The system 
may be designed to alert the drive, hoping to illicit an action, actually perform the needed 
action, including the reduction of speed or application of brakes, or a combination of 
both.  The difficulty arises when attempting to decide when the driver should be alerted 
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or informed of the action required.  A great deal of research has been completed 
involving such alarm and notification issues.  The use of auditory alerts (Graham, 1999; 
Wiese, and Lee, 2004; Green, 2000) has been evaluated and generic warning times have 
been proposed (Lee, McGehee, Brown, and Reyes, 2002).  In addition, the effects of trust 
have been appraised (Parasuraman, Hancock, and Olofinboba, 1997; Ben-Yaacov, Maltz, 
and Shinar, 2002; Bliss and Acton, 2003).  
The key to enabling great success in these types of systems is an understanding of 
the perception of situations, such as time to contact (Kemeny, et al., 2003).  Much debate 
exists about how vehicles enabled with these assistive systems should maintain control by 
either using a distance or a time based algorithm.  The issues involved with such a 
decision include time or distance available for the driver to react, overall traffic flow, and 
user acceptance (Wang and Rajamani, 2004).  User acceptance not only determines the 
overall success of such a marketing adventure but also whether the system is used by the 
driver.  If spacing between vehicles is too large, vehicles may be able to cut into the 
available space.  If too small, drivers may be uncomfortable with the short time to 
collision related to the distance.  Although companies are hesitant to detail any workings 
of their systems, several European manufacturers seem to be using time based algorithms 
(Touran, Brackstone, and McDonald, 1999).  Touran, et al. (1999) details a prototype 
system that used a 1.4 s target headway, which exerted a mild control of acceleration and 
a limited ability to brake.  If the braking rate needed is over -3 m/s2, an alarm will warn 
the driver to apply additional braking power.  The time based system is not the only 
system with advocates.  Research, such as work performed by Wang and Rajamani 
(2004), does exist to support distance based systems.   
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Statement of the Problem 
The proposed research seeks to answer the question: how are brake onset times 
altered by modifying the perceptual qualities of the motion of a lead vehicle in a rear end 
collision situation?  As previously stated, the driving environment is quite variable.  Time 
or distance modifications could exist for changes in the perception of motion, day/night 
changes, and driver speed.  Comprehending these effects would increase our knowledge 
of how drivers monitor the vehicle situations. This knowledge may aid in the design of 
driver assistive systems by understanding the monitoring task the driver has in 
determining when such a system fails (Stanton, Young, and McCaulder, 1997).  If the 
system reacts just before the driver would normally react, the driver’s determination of 
the functioning of the system could become less difficult.  In order to design systems 
using such information, the determination of how drivers judge the necessity and timing 
of vehicle braking must be investigated.  This information could also provide insight in 
accident reconstruction attempts.  Through a better understanding of the driver, a more 






Fifty-five Georgia Institute of Technology undergraduate students participated in 
this experiment.  Participants were males and females between the ages of 18 to 25.  All 
participants were licensed drivers with at least two years driving experience.  Vision 
conditions were accepted if corrected by glasses or contacts.  The participants were 
treated in accordance to the procedures and guidelines established by the ICH/GCP.  Five 
participants were removed from later analysis.  Two early participants were removed 
because of a modification of the number of trials presented.  An additional two were 
excluded for failure to follow instructions.  The final excluded participant displayed 
unusual behavior, failure to recall own birthday. 
Apparatus 
Participants were placed in one of ten individual testing stations.  Each station 
consisted of a desktop computer with a 17 inch CRT monitor.  Available to the 
participant was a brake pedal.  Each testing station was separated on both sides by cubicle 
walls.  Because no sound was used in the simulation, a group testing environment was 
used.  All animations used were created using the Carrara™ 4 software package 
(Eovia™, 2005).  The experimental program was created and executed using Inquisit 
2.0™ desktop software (Millisecond™, 2005). 
Procedure 
 After consenting to this study, the participant was seated at the testing computer 
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and given a brief introduction to the study and the system.  The goal for the participants 
was to depress the brake pedal whenever they believe it was necessary to begin to stop 
safely and prevent the vehicles from colliding.  From this point forward, the participant 
was given the ability to halt the displayed vehicle’s motion by depressing the brake pedal.  
Any other inputs from the apparatus were disregarded. 
 Eighteen trial types were produced by the combination of luminance (2) and vehicle 
rates of closure (3) and vehicle motion conditions (3).  Six additional catch trial types 
were included consisting of the rates of closure (3) and luminance (2) combinations but 
with a vehicle that prevented a collision by altering speeds to match that of the driver’s 
car.  This condition was used to prevent the participants from braking as soon as the 
target was present.  Luminance conditions consisted of either day or night driving.  The 
lighting condition of the testing area mirrored the relevant luminance condition.  Vehicle 
motion conditions were: a) driver advancing toward stopped vehicle, b) driver advancing 
toward a slower vehicle, and c) lead vehicle reversing toward stopped driver. Three 
constant closure speeds were used throughout the experiment; 20 (32.2), 40 (64.4), and 
60 (96.6) miles per hour (km/h).  Each trial type was presented ten times in a random 
order within the day and night conditions.  The order of the day/night conditions was 
counter-balanced between subjects. For each trial the total duration remained constant at 
ten seconds, while the start distances varied dependent on rate of closure and vehicle 
motion condition.  The distance between the driver and the lead vehicle when the 
participant depresses the brake pedal was recorded for later analysis. 
After the participant completed the 240 trials, the participants were shown six no-
car animations, consisting of night and day conditions at 20, 40, and 60 mph, and asked 
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to estimate the speed.  Participants then completed Sarason’s (1978) Test Anxiety Scale 
Survey.  Once completed, the participants were given the Useful Field of View1 (UFOV) 
Task (Visual Resources, 1998).  Finally, upon completion of the procedure, a full 
explanation of the study was presented to the participants and any questions were 
answered. 
                                                 
 
 
1 Used with Author’s Permission 
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CHAPTER 3 
RESULTS AND ANALYSIS 
 
Collected brake onset times for each participant were transformed to tau times 
based on the known collision time.  Times were aggregated based on participant means 
and medians for each condition type, but with no significant differences found between 
the two, means were used throughout the rest of this analysis.  A mixed-model ANOVA 
was used to analyze the tau means.  This analysis resulted from a 3 (Fear of Failure) by 2 
(Luminance) by 3 (Driving Condition) by 3 (Rate of Closure).  Fear of Failure was a 
grouping factor where the raw scores were categorized into three groupings based on the 
mean, (X = 66), and standard deviation, (std dev = 15).  The mean was near the neutral 
response of the survey, 69.  The full distribution of scores appear close to a normal 
distribution, see Figure 1, as well as the three groupings, see Figure 2.  Because there was 
a lack of variance in the category scores of the participants, the Useful Field of View 













Score was not used in the omnibus ANOVA analysis.  This analysis resulted in three 
statistically significant findings, two main effects and a single interaction.  Rate of 
Closure (F(1.098, 51.625) = 97.694, p < .01) and Condition (F(1.441, 67.716) = 10.333, 
p < .01) were found to be significant as was the interaction of Rate of Closure by 
Condition (F(3.607, 169.545) = 4.327, p < .01).  
Additional analysis included the examination of these three effects.  Results 
between the three rates of closure were determined through the use of paired T-tests using 





























Figure 2.  Groupings of Test Anxiety Scores 
Figure 3.  Tau Times Collapsed on Rate of Closure 
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three rates of closure, see Figure 3, are statistically significant from each other; 20 mph – 
40 mph (t(49) = 13.841, p < .01), 20 mph - 60 mph  (t(49) = 14.829, p < .01), 40 mph – 
60 mph (t(49) = 14.873, p < .01).  A negative slope was also apparent.  When tau means 
are collapsed on Condition, see Figure 4, similar results were found using the same 
procedure; stopped – slower vehicles (t(49) = -5.942, p  < .01), stopped – reversing  
vehicles (t(49) = 3.672, p < .01), slower – reversing vehicles (t(49) = 5.977, p < .01).  A 
closer examination of the interaction between Rate of Closure and Condition can be seen 
in Figure 5.  Similar patterns can be seen for the 40 mph and 60 mph rates of closure, 
while the 20 mph was unique.  Table 1 depicts the statistical significance, using the same 





























Figure 4.  Tau Times Collapsed on Vehicle Motion Condition 
Figure 5.  Interaction between Rate of Closure and Vehicle Motion Condition 
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Table 1.  Paired T-test  scores for the Interaction of Rate of Closure and Vehicle Motion 
result in statistically significant findings; stopped – reversing vehicle at 20 mph rate of  
closure, and stopped – slower vehicle at 40 mph and 60 mph rates of closure.  The results 
of the speed estimations are shown in Figure 6.  No statistical differences were found 
between day and night estimations.  Accuracy was found to be worse with increased 
speeds. 
Pair t score Sig (2-tailed) 
Parked 20 - Slower 20 -6.927 .000* 
Parked 20 - Reversing 20 1.720 .092 
Slower 20 - Reversing 20 5.669 .000* 
Parked 40 - Slower 40 -0.775 .442 
Parked 40 - Reversing 40 4.201 .000* 
Slower 40 - Reversing 40 4.079 .000* 
Parked 60 - Slower 60 -2.397 .02 
Parked 60 - Reversing 60 4.154 .000* 
Slower 60 - Reversing 60 



























 Based on the results found in this study, the use of a canonical brake time may be 
unsuitable.  Even the creation of a brake time algorithm based solely on speed or rate of 
closure, such as a constant distance or constant tau, also seems unable to explain the 
results found in this study.  The only effective method of explaining braking behavior is 
the cataloging of all the different braking conditions.  At first examination, this goal 
seems akin to an infinite task, but with the examination of studies similar to this one, the 
number of conditions could be finite.  The three vehicle conditions denoted in this study 
could be argued to encompass all direct rear end collision scenarios.  
 The significance of the rate of closure is not surprising.  Braking times are 
expected to directly vary with the speed at which the collision might occur.  The exact 
relationship is of interest.  When collapsed onto rate of closure, the braking model of 
constant tau does not become evident, see Figure 7.  Figure 8 depicts the same data with 


















Figure 7.  Constant Tau Braking Method 
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distance does not emerge.  Neither method seems to explain the data collected in this 
study.  
 The focal point of this study is the determination that lead vehicle condition has a 
direct effect on braking behavior.  When exploring the partial eta squares of the rate of 
closure, .675, and condition effects, .180, it is interesting to note that more than a quarter 
as much variance is explained with condition as rate of closure.  This result makes it 
impossible to create a canonical brake reaction nor a simple algorithm based on speeds.  
This finding is not a surprising result, but the logic behind the resulting data is 
interesting.  The parked vehicle tau is statistically smaller than that found for the slower 
vehicle condition.  This result depicts participants braking farther away for a vehicle that 
will move away from the driver.  If the driver were to slam on the brake, the total 
distance to the slower vehicle would be larger than the parked vehicle because the slower 
vehicle continued to move away.  This result may be better explained through the 
interaction of the rates of closure and vehicle motion condition.  Another interesting 
result can be seen in the comparisons between the parked or slower vehicle conditions 
versus the reversing vehicle.  In this situation, the concept of locus of control infers that 


















Figure 8.  Constant Distance Braking Method 
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vehicle is moving (e.g. Hammond and Horswill, 2002).  When the driver is not in direct 
control of the other vehicle, one could expect that the driver would want the reversing 
vehicle to stop farther away as compared to when the driver has direct control and is 
advancing toward the vehicle.  On the contrary, it seems that the opposite is more likely.  
Participants acted as if the driver of the lead vehicle would stop on their own volition and 
only depressed the brake as a last resort.  Although this may be true, additional research 
is needed to determine whether the true threat of injury, as one would expect in a real 
collision, has an effect on this result. 
 Although these main effects exist, a greater understanding may be gained be 
examining the logic of the interaction between rate of closure and condition.  Figure 8 
depicts the same information as Figure 5 but the tau times have been transformed to 
distances.  It seems that the braking behavior observed changed as rates of closure 
increased.  At the 20 mph rate of closure, the parked and reversing conditions are 
separate from the slower moving vehicle but not from each other.  In this situation, the 
drivers are viewing the slower moving vehicle as the larger collision threat.  During the 






















Figure 9.  Interaction with Tau Times Transformed to Distance 
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statistically different from the reversing condition, but not themselves.  The similarity of 
the parked and slower vehicle conditions denotes that participant drivers were unable to 
distinguish between these conditions or at the very least treated each condition as 
equivalent.  This result does become concerning.  The driving environment leads us to 
believe that the vehicle in front of us is normally moving.  This scenario is the situation 
we encounter every day when driving.  This flaw can become very dangerous for the 
driver in question.  If the driver believes that the lead vehicle is moving, the adaptation 
used in their braking behavior would be very incorrect.  This error would result in a 
larger braking pressure being required to prevent a collision.  As denoted earlier, this 
effect is a change from the 20 mph rate of closure condition where the distinction 
between the parked and slower moving seems to be perceptually salient.  Across the 
speeds, a noticeable differential exists with the braking distances of the reversing vehicle 
condition.  These distances suggest that a different technique is being used during these 
scenarios.  Interestingly, one might expect that the distances of the reversing conditions 
to be larger as the issue of locus of control arises.  Although this logic may be solid, the 
result found during this study is not surprising based on a possible belief by the 
participant that the driver of the lead vehicle will initiate their brake. 
 The participants’ speed estimations can be seen in Figure 6.  The findings of the 
underestimations of speeds from Durgin, et. al. (2005) and Recarte and Nunes (1996) are 
reiterated here.  The additional findings of Recarte and Nunes (1996) that estimations 
become more accurate as speeds are increase are not supported by the findings of this 
study.  The overestimation of the 20 mph speed can be attributed to the generalization of 
the overestimations.  At slower speeds, it is possible that the estimation range may fall 
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above and below the actual speed.  This would allow the same approximate error seen at 
higher speeds, to encompass both over- and underestimations for 20 mph. 
 The Useful Field of View data were not used in the omnibus ANOVA analysis.  
The removal of this variable was because almost no variance was found on the 
categorical scores each participant received.  This result is congruent with studies 
suggesting limited application to young drivers.  An additional analysis was performed 
using the raw scores of the divided and selective attention tasks contained in the UFOV.  
The speed of visual processing task was not used because scores had little or no variance 
across the younger subjects.  A correlation matrix (see Table 2) was created using the 
mean tau times collapsed on brake conditions, an additional set or times collapsed on 
rates of closure, selective and divided attention scores, and Text Anxiety Scores.  No 
correlations relevant to Useful Field of View were found to be statistically significant.   






mph Div At Sel At FoF 
Divided Pearson Correlation -0.033 -0.008 -0.01 -0.04 0.007 
-
0.002 1 0.039 0.121 
Attention Sig (2-tailed) 0.819 0.955 0.946 0.785 0.961 0.988   0.788 0.403 
  N 50 50 50 50 50 50 50 50 50 




0.138 0.039 1 0.042 
Attention Sig (2-tailed) 0.377 0.368 0.679 0.454 0.583 0.34 0.788   0.772 
  N 50 50 50 50 50 50 50 50 50 
Fear of 
Failure Pearson Correlation 0.073 0.087 -0.049 0.045 0.04 0.018 0.121 0.042 1 
Score Sig (2-tailed) 0.613 0.548 0.734 0.754 0.783 0.903 0.403 0.772   
  N 50 50 50 50 50 50 50 50 50 
These data should not be viewed as an attack on the validity regarding Useful Field of 
View relation to driving, but simply that its usefulness in this study was restricted 
because of the limited population used.  More extensive research should be conducted 
using Useful Field of View to aid in the determination of how effects determined in this 
study might unfold over a more unrestricted population including older adults. 
Table 2. Correlations for UFOV and Test Anxiety 
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 The variable relating to Test Anxiety did not seem to be statistically relevant in 
either the omnibus ANOVA or the correlation matrix.  This result is not to imply that 
such a survey does not provide usefulness in predicting driving behavior.  More likely, 
the effect of Fear of Failure or Sensation Seeking may better correlate with active driving 
behavior and other collision avoidance behaviors, such as steering to evade a collision.  
Additional research is needed to differentiate which behaviors fear of failure may aid in 
predicting. 
 Human behavior in any form is highly complex even when limited to a small area 
as vehicle braking.  Even so, significant discoveries have been made over the years 
including those involving braking behavior.  Such research attempts to explain behavior 
parsimoniously resulting in constant distance or constant tau theories.  Although the 
findings of this study provide evidence against such theories, the expectation of a 
parsimonious or algorithm based explanation is not unattainable.  Future research would 
allow comparisons of what driving scenarios might correlate.  It is possible that scenarios 
where the lead vehicle is rotated 90 degrees, creating a side view, may or may not alter 
brake times in the same fashion as found here.  By creating studies that include such a 
wide range of scenarios, the possibility of limiting the braking environment into a 
manageable collection of scenarios.  These scenarios could then be used actively in 
prediction of braking behaviors.   
The issue of understanding driver’s behavior has expanded beyond psychological 
interest.  Currently, some production vehicles already include automatic braking systems, 
adaptive cruise control systems, or driver assist systems.  This research method is critical 
for the engineering groups designing such systems.  Although life-saving technologies 
28 
are always useful when the technology is created, careful consideration must be made 
when integrating such technologies before an acceptable knowledge of braking behavior 
exists.  Any incorrect assumptions, such as an unacceptable braking model, made at the 
design stage of these systems could cause injury to a driver who trusts in such a system.  
In such a case, the system has the potential to cause more harm than good. 
This study, in conjunction with current research, continues to bridge engineering 
design with psychology’s desire to explain human behavior.  Strengthening this 
interaction will supply trustworthy, more effective, and safer driving technologies.  These 
technologies can then be ubiquitously integrated into our society with confidence that the 
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